Remarks 



This Preliminary Amendment cancels, without prejudice, claims 1 - 14 in the 
underlying PCT Application No. PCT/DE03/02242 and adds new claims 15-30. 
The new claims, inter alia , conform the claims to United States Patent and 
Trademark Office rules and do not add any new matter to the application. 

In accordance with 37 C.F.R. § 1.125(b), the Substitute Specification 
(including Abstract) contains no new matter. The amendments reflected in the 
Substitute Specification (including Abstract) are to conform the Specification and 
Abstract to United States Patent and Trademark Office rules or to correct 
informalities. As required by 37 C.F.R. §§ 1.121(b)(3)(ii) and 1.125(c), a Marked- 
Up Version of the Substitute Specification comparing the Specification of record 
and the Substitute Specification also accompanies this Preliminary Amendment. 
Approval and entry of the Substitute Specification (including Abstract) are 
respectfully requested. 

The underlying PCT Application No. PCT/DE03/02242 includes an 
International Search Report, dated November 13, 2003, a copy of which is 
included. The Search Report includes a list of documents that were considered by 
the Examiner in the underlying PCT application. 

Applicants assert that the subject matter of the present application is new, 
non-obvious, and useful. Prompt consideration and allowance of the application 
are respectfully requested. 



Respectfully Submitted, 



KENYON & KENYON 





One Broadway 

New York, NY 10004 

(212) 425-7200 
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[10191/4008] 



GAS SENSOR 



Background Information 

Th e pr e s e nt i nv e nt i on i s d i r e ct e d to a gas s e nsor aocording to the dofin i t i on of th e 
sp e c i es i n the i ndep e nd e nt cla i m A gas sensor is described in European Patent 
No. Such a gas s e nsor i s known from EP 0 506 897-B4- for example. The gas sensor 
5 has a sensor element including outside contact surfaces at one end which are 
electrically connected to contact pieces, via which, for example, the signal of the 
sensor element is guided out of a housing of the gas sensor. Using a spring element 
gripping around the sensor element, the contact pieces are clamped in a friction-type 
manner between the contact surface and a press-on body which is clamped against 
10 the sensor element by the spring element. 

It is disadvantageous in such gas sensors that the spring element has a 
comparatively steep characteristic curve of spring so that, even through small 
manufacturing fluctuations, either the force exerted by the spring element is too 
1 5 small, resulting in a poor contact of the sensor element, or a contact element is 
damaged when the spring element is attached. 

Furthermore, a gas sensor is described in German Patent Application No. DE 101 32 
826 A1. 826, in the housing of which a sensor element is mounted having an oblong, 

20 stack-like design. Contact surfaces are provided on two opposing outside surfaces at 
one end of the sensor element. The contact surfaces are electrically connected via 
leads to measuring elements situated inside the sensor element. For contacting the 
sensor element, connecting leads are pressed onto the appropriate contact surfaces 
by two press-on bodies facing each other. A spring element is provided for this 

25 purpose which grips around the press-on bodies and presses them onto the 
connecting leads or the contact surfaces. 

The spring element Is designed as a spring ring in the form of an annular disk having 
areas of different radial width. The central recess of the spring element 
30 accommodates the two press-on bodies and the sensor element. The spring element 
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has two tongue-shaped spring sections protrnding inward and resting against the 
press-on bodies. The spring element's outer contour is circular. 

For assembly, the spring element is slid over the two press-on bodies. Prior to 
5 assembly, i.e., in the undamped state, the spring element is a flat annular disk. In 
the clamped state, i.e., after the spring element has been slid over the two press-on 
bodies, the two spring sections are bent out of the plane of the annular disk, thereby 
exerting the force on the press-on bodies necessary for contacting the sensor 
element. The spring sections are thus deformed in a direction which has an essential 
10 component parallel to the longitudinal axis of the sensor element. 

It is disadvantageous in such a gas sensor that, due to the deformation of the spring 
sections, the spring element, in its clamped state, is exposed to great stresses in 
certain areas which may result in damage to the spring element. These great 

15 stresses occur in particular in the area of the spring element in which the spring 

sections come in contact with the ring-shaped base of the spring element. Due to the 
great stresses in these areas, the spring element has a comparatively steep 
characteristic curve of spring and thus a comparatively small spring excursion. 
Moreover, very small tolerances are to be observed during manufacture and 

20 assembly of the elements to avoid deformation of the spring sections in the inelastic 
area. In addition, an exact alignment of the spring element for assembly is difficult 
due to the spring element's circular outer contour. 

Advantag e s of th e Summarv Of The Invention 
25 The gas sensor according to the present invention having th e charactorizing f ea tur e s 
of the i nd e pendent c l a i m has the advantage over the related art that a spring 
element is provided which has a flat characteristic curve of spring and a large spring 
excursion, which is easily manufactured and assembled, and in which the risk of 
damage during assembly is small. 

30 

The spring element has a groove for this purpose. Locally occurring stress maxima 
are decreased by the groove, and the danger of overstressing the spring element is 
cleariy reduced due to a flatter characteristic curve of spring. 
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Advantagoous rofin e mont s of th e gas s e nsor cit e d in the ind e p e ndent cla i m ar e 
poss i b le du e to tho measur e s list e d in th e dep e nd e nt c l aims. 

5 The spring element advantageously has a spring section resting against the press- 
on body, the spring section, in the clamped state, being deformed in a direction 
which has an essential component parallel to the longitudinal axis of the sensor 
element, the groove being provided in the area of the spring section on the side of 
the spring element facing away from the press-on body. 

10 

The groove is advantageously situated centrally to the spring section and has an 
oblong, wedge-shaped design with a rounded end in the direction of the spring 
section; the distance between the two opposing sides of the groove decreases in the 
direction of the spring section. The locally occurring stress maxima are particularly 
15 effectively reduced through a groove having such a design. 

Two spring sections diametrically opposing one another are provided in an 
advantageous embodiment of the present invention. The spring element 
advantageously has two symmetrical planes: the plane perpendicular to the 
20 connecting line of the two spring sections, and the plane which is formed by the 

connecting line of the two spring sections and by the longitudinal axis of the sensor 
element. 

Simple alignment of the spring element during assembly is made possible by the fact 
25 that the outside of the spring element has a flat design in the area of the groove and 
that the spring element's flat area stands perpendicular on the axis defined by the 
two opposing spring sections. The groove is then situated centrally to the spring 
element's flat area, the alignment of the spring element thus being additionally 
simplified. 

30 

Draw i ng 

Ex e mplary e mbod i ments of th e pr e s e nt invent i on ar e i ll ustrat e d in th e drawing and 
e xpla i n e d i n groator detai l in th e fol l ow i ng doscr i pt i on, 

35 

Brief Description Of The Drawings 

Figure 1 shows a sectional view of a gas sensor according to the present 
invention!^ 
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Wgwe Figures 2 and Figur e 3 schematically show contacting of the gas sensor 
according to the present inventioni^ 

5 Figure 4 shows a top view of a spring element according to the present 
inventionT-an^^ 

Figure 5 shows the characteristic curves of spring for a spring element without 
a groove and for the spring element according to the present invention including a 
10 groove. 

Detailed Description of th e Ex e mpl a ry Embodim e nt 

Figure 1 shows a gas sensor 10, a lambda sensor or a broadband lambda sensor for 
example. Gas sensor 10 includes a measuring-side section 15 and a connecting- 
side section 16 and has a metallic housing 13 which is indicated in measuring-side 
15 section 15 using reference numeral 13a and in connecting-side section 16 using 
reference numeral 13b. A planar, oblong sensor element 14 is fixed in a gas-tight 
manner in housing 13 using ceramic moldings 25, 26 and a sealing element 27. In its 
connecting-side section 16, gas sensor 10 is connected to a cable jacket 12 in which 
connector cables 18 for sensor element 14 are routed. 

20 

A protective pipe 22 having gas inlet orifices and gas outlet orifices 23 is mounted on 
measuring-side section 13a of housing 13. Protective pipe 22 encloses a measuring- 
side end 14a of sensor element 14 which protrudes from measuring-side section 13a 
of housing 13. A thread 24, with which gas sensor 10 may be mounted in an exhaust 
25 pipe (not shown), is additionally attached to measuring-side section 15. 

Connecting-side section 13b of housing 13 is mounted in a gas-tight manner on 
measuring-side section 13a of housing 13 using a radially circumferential welding 
seam 31. 

30 

Connecting-side section 13b of housing 13 encloses a connecting-side end 14b of 
sensor element 14 and forms an internal space 33 in which contacting 100 of sensor 
element 14 is provided (see Figure 3) via which sensor element 14 is in electrical 
contact with contact pieces 35. The cable-side section of contact pieces 35 has a 
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crimp connection 43. Contact pieces 35 are electrically connected to connector 
cables 18 via crimp connections 43. 

Housing 13 has a tapering cylindrical connecting-side section 45 at end 13b. 
5 Cylindrical section 45 is closed by a cable duct 50. Cable duct 50 is made of PTFE, 
for example, and has routing holes 51 corresponding to the number of connector 
cables 18 to be routed. 

Figures 2 and 3 show contacting 100 of gas sensor 10. Contact surfaces 121 are 
10 provided on opposing sides of sensor element 14 in connecting-side section 14b of 
sensor element 14. Each contact surface 121 is electrically contacted with a contact 
piece 35 via contacting 100. Two press-on bodies 123 are provided for this purpose, 
connecting-side section 14b of sensor element 14 and contact pieces 35 being 
situated between them. Press-on bodies 123 are pressed together by a spring 
15 element 131 , so that contact pieces 35 provided between press-on bodies 123 are 
pressed against contact surfaces 121 of senor element 14. 

Figures 2 and 4 show spring element 131 prior to being slid and thus clamped onto 
press-on bodies 123. Prior to clamping, spring element 131 is a flat, annular 

20 stamping piece which has two opposing spring sections 132 protruding inward. One 
groove 133 is provided in the area of each spring section 132 on the outside of 
spring element 131. Spring element 131 is mirror-symmetrical with regard to the axis 
which connects both spring sections 132, as well as to the axis being perpendicular 
to this axis (through the center of spring element 131). Groove 133 is thus situated 

25 centrally to the particular spring section 132. Groove 133 has an oblong and wedge- 
shaped design with a rounded end in the direction of spring section 132. Outside 134 
of the spring element is flattened in the areas of spring element 131 adjacent to 
groove 133. The straight line, defined by flat areas 134 on both sides of groove 133, 
stands perpendicular to the axis which is formed by the two opposing spring sections 

30 132. Apart from spring sections 132, groove 133. and flat areas 134, the outside as 
well as the inside of spring element 131 have a circular design. 

For contacting sensor element 14, spring element 131 is slid over both press-on 
bodies 123. Spring element 131 is in contact with press-on bodies 123 merely via 
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spring sections 132. When sliding over press-on bodies 123. spring sections 132 of 
spring element 131 bend in a direction which has an essential component parallel to 
the longitudinal axis of sensor element 14 (see Figure 3). Figure 5 shows a 
characteristic curve of spring, i.e., force F exerted by spring element 131 as a 
5 function of deflection s of spring sections 132 of spring element 131 . The curve 
labeled with reference numeral 201 indicates the characteristic curve of spring for a 
spring element without a groove; the curve labeled with reference numeral 202 is the 
characteristic curve of spring for a spring element 131 according to the present 
invention including groove 133. Spring element 131 including groove 133 has a 
10 considerably flatter characteristic cun/e of spring than the spring element without a 
groove. 
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Abstract Of The Disclosure 
A gas sensor (10) i s described for determining a physical property of a measuring 
gas, in particular for determining the temperature of the measuring gas or the 
concentration of a gas component of the measuring gas. The gas sensor (40)-has a 
5 sensor element-(44), at least one contact surfac e (121) situated on the sensor 
element-{44), and a contact piece (35) electrically connected to the contact surface 
(121) . The contact piece-(3§) is clamped in a friction-type manner between the 
contact surface (121) and at least one press-on bod y (123) which is clamped against 
the sensor element (44>-by a spring elemen t (131) . The spring elemen t (131) at least 
10 partially grips around the press-on body (123) and has a groove (133) . 

(Figur e 3) 
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